Pathologic Findings
Grossly, the lungs contained many lungworms (Dictyocaulus vivipatus) in the bronchial tree and numerous small (5 mm in diameter), firm, grayish-white nodules disseminated throughout the parenchyma. Histologically, these nodules were nonencapsulated but well-circumscribed, necrohemorrhagic foci (Figs. 1,Z) surrounded by a narrow zone of lymphocytes, histiocytes, and an occasional neutrophil.
Within the necrotic portion were numerous organisms (Figs. 2,3) , which appeared to be of two types (Fig. 4) . The first and more numerous type were acidophilic, round, thin-walled, and variable-sized (9-12p in diameter), and contained a single large (2 p in diameter), usually centrally located basophilic body. An occasional cell contained two of these bodies. These cells were moderately positive with the periodic acid-Schiff (PAS) stain, slightly positive with the Rinehart Abul-Haj acid mucopolysaccharide (AMP) stain, and blue to amphophilic with the Giemsa stain. They contained a fine, granular argentophilic material within the cytoplasm when stained with Gomori's methenamine-silver nitrate (GAIS) preparation ( Fig. 5 ). The second type of organism differed from the first in both morphologic and staining characteristics. It was more uniform in size, usually smaller (9 to 10 y in diameter), and covered by a clear, mammillated, capsule-like membrane (Fig. 4 ). In many cases, the central body (2 y in diameter) was surrounded by a clear halo.
These cells tended to be more basophilic with hematoxylin and eosin (H&E) than the first type and were strongly positive with both PAS and GMS. Both types were isotropic. Although the two forms were distinct in appearance, various transitional forms were clearly evident.
A complete necropsy had been performed, but the organisms and lesions described above were found only in the lung. Brain was not submitted to the Armed Forces Institute of Pathology (AFIP). Although nonconrributory, the following lesions were noted : numerous sarcocysts in myocardial and skeletal muscles, mild interstitial fibrosis in the kidney, edema of mesenteric lymph nodes, and generalized congestion.
No evidence was found to substantiate a clinical diagnosis of paratuberculosis.
Discussion
The organism previously described was identified on a morphologic basis as Hurtmunne//u sp. (Acanthamoeba)s. The nonencapsulated forms represent trophozoites, and those containing two central bodies (karyosomes) are thoQght to be undergoing division. The organisms in this case could be differentiated readily from Enfumoebu histolyticu by the presence of the large karyosome in the Hartmannella.
The encapsulated organisms were identified as encysted forms. In previody reported cases of natural infection of man, these forms were not usually found.
It has been shown that hartmannellae are dependent on oxygen for multiplication3, and it is postulated that cyst formation may represent a result of adverse environment in the necrotic lesion.
While we were attempting to identify the hartmannellae in H&E-stained sections, we encountered two problems in differential diagnosis previously mentioned in the literature27 4. First, there was a striking similarity between the vegetative form of the parasite (trophozoite) and degenerated macrophages (septa1 cells). The presence of a prominent karyosome in Hartmannella made differentiation possible. There is also a similarity between the encysted form and Blu~tomyces dermutitidisin tissue sections.This similarity was especially notable inGhlS-stained sections.
in which the trophozoite was extremely difficult to recognize (Fig. 5 ). The absence of budding forms made a diagnosis of blastomycosis improbable, however. The use of ZIEGLER'S technique8 for H & E was found especially valuable for demonstrating the organisms (both forms) in tissue (Fig. 4) .
The organisms are reported to be easy to culture3 from tissue if one uses the method of Singh, in which the amoebas are allowed to feed on living or dead Aerobucter uerogener already planted on plain agar or trypticase soy media. Only fixed tissues were available to the AFIP in this case, however. Hartmannellae are also capable of inducing the production of complement-fixation antibodies in several species of animals, including cattle3.
Evidence from experiments with laboratory animals indicates that nasal mucosa or contaminated vaccines and instruments (hypodermic needles) are portals or vehicles of entry29 3. The latter two possibilities could probably be discounted in this case on the basis that lesions were found in the lung only. Spread via the circulatory system might be expected to involve more organs.
The possibility of infection per 0s with extension to the lungs via an intestinal infection was considered, but it was eliminated for two reasons. First, employment of this route produced negative results in experimental studiess. Second, it has been shown that lysis of the vegetative form of the organism occurs in the presence of bile salts and gastric acid39 5. After the location of the lesions was considered and other possibilities were eliminated, it was concluded that the most probable portal of entry was the respiratory tract, either by inhalation of the organisms from a contaminated environment or by direct extension of an inapparent nasal infection. Strains of feebly pathogenic Hartmannella have been found in the nasal passages of apparently normal childrens.
The pulmonary lesions may represent an incidental infection established as a result of other debilitating disease of undetermined cause.
Members of the genus Hartmannella have been recognized as a cause of mammalian disease in Australia, the Azores, and the United States'. 638. This and their ubiquitous distribution suggest that they might be responsible for disease more frequently and over a wider geographic range than has been heretofore recorded.
It has been suggested that it is no longer accurate to use the term "amebiasis" as a disease that is restricted to the intestinal tract and which only rarely affects other organs8. Amebiasis should also include primary amebic meningoencephalitis, pneumonia, or even generalized disease.
Sunmary
A case of Hartmannellu sp. (Acanthamoeba) infection in a 1 %-year-old Holstein bull is reported. The disease was manifested by multifocal necrohemorrhagic nodules throughout the lung. Diagnosis was made on a morphologic basis by observing typical organisms within these nodules. The suggested mode of entry of the organism was via inhalation of the organisms or by direct extension from an inapparent nasal infection.
Zusammenfassmg
Es wird uber einen Fall von Hartmannellainfektion (Acanthamoeba) in einem Holsteiner-Bullen berichtet. Die Erkrankung war durch multifokale nekro-hamorrhagische Knotchen in der Lunge gekennzeichnet. Die Diagnose wurde auf Grund der morphologischen Darstellung typischer Organismen innerhalb der Knotchen gestellt. Als Infektionsweg wird entweder die Inhalation der Organismen oder deren Ausbreitung von einem unbemerkten nasalen Infektionsherd vorgeschlagen.
